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(57) Abstract: A thermosetting adhesive 
film comprising a uniform adhesive matrix 
containing a thermosetting resin and a 
curing agent therefor, and a thermoplastic 
resin; and a filler material dispersed in the 
adhesive matrix, wherein the filler material 
comprises an inorganic material and a domain 
to incorporate the inorganic material, the 
domain consisting of an elastic polymer 
which is elongated and oriented in one 
direction substantially perpendicular to the 
thickness direction of the adhesive film. This 
adhesive film provides good properties of 
coefficient of thermal expansion and elastic 
modulus, without exhibiting reduced adhesive 
force which would be otherwise observed in 



association with the addition of large amounts of filler material. 
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A THERMOSETTING ADHESIVE FILM, AND AN ADHESIVE 
STRUCTURE BASED ON THE USE THEREOF 

Field of the Invention 
The present invention relates to a thermosetting adhesive film to be used, 
5 for example, as an interlayer insulation material of multilayer PCB (printed circuit 
board), and a structure using the film adhesive. 

Description of the Related Art 
A printed circuit board is obtained by forming electric circuits (to be 
referred to as "conductor layers" or "wiring layers" hereinafter) with copper foils or 
1 0 through copper deposition on an insulative board, and thus comprise electronic 
parts such as semiconductor chips thereon, to enable the dense integration of 
electronic parts. A printed circuit board obtained as a multilayer PCB called a 
built-up board will be highly desirable if it can be incorporated in a small or thin 
portable electronic device where highly dense integration of electronic parts is 
15 required. 

A multilayer PCB comprises two or more metallic conductor layers with an 
insulating layer inserted between adjacent conductor layers. Generally, the 
insulating layer is made from an organic material. The typical organic material 
includes thermosetting resins such as epoxy resins, and generally has a higher CTE 

20 (coefficient of thermal expansion) than the inorganic materials such as 

semiconductors and metals. As a consequence, a thermal stress may develop 
between a conductor layer and an insulating layer in contact with the conductor 
layer as a result of temperature changes. In the worst cases, such a thermal stress 
may become so large as to cause the conductor and insulating layers to be 

25 deformed (curved or bent), thereby impairing the electric connection (such as via 
connection) of wiring layers, causing the failed connection of circuits, or interlayer 
delamination. 

If an organic material to which inorganic particles have been added as a 
filler is used, the resulting organic material may come to have a CTE closer to that 
30 of the inorganic materials, that is, the CTE of the organic material may lower 
sufficiently to be close to that of the inorganic materials. In addition, it may 
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thereby come to have a higher elastic modulus, thereby effectively avoiding the 
occurrence of the above deformations. However, for an organic material, for 
example, an epoxy resin to be provided with a sufficiently low CTE and a 
sufficiently high elastic modulus, it will require, in certain cases, the addition of a 
5 comparatively large amount of filler, for example, 25 vol.% or more of filler with 
respect to the volume of solid resin may be required (see, for example, H. M. 
Mcilroy: "Linear Thermal Expansion of Filled Epoxy Resin," 30th Anniversary 
Technical Conference, Section 4- A, 1975). If a large amount of filler is added, the 
insulating layer may not be able to develop the desired adhesive force because the 

10 relative content of thermosetting resin(s) in the insulating layer is reduced. 

Moreover, the toughness of such an insulating layer tends to decline, because a 
large number of filler particles readily come into contact with each other, to form 
networks (Haxaguchi, K., "Functional Materials," 1999, Vol. 19, No. 10, p. 42). In 
addition, it is difficult to handle an uncured green sheet. 

1 5 Such an organic material to which a relatively high amount of filler is 

added as described above may be effectively used as an underfill material to 
reinforce soldered junctions between a board and a semiconductor chip as 
disclosed, for example, in Japanese Patent Publication (Kokai) No. 10-158366. 
However, an organic material to which more than 25% by volume of filler is added 

20 has not typically been used as an insulator (for example, material for insulating the 
interfaces) of a multilayer PCB. Currently, the insulating layer is made of a 
prepreg which is obtained by impregnating a thermosetting resin in a reinforcing 
material such as glass cloth. However, it is often difficult to process the 
reinforcing material such as glass cloth into a thin film, and hence an insulating 

25 layer made from such a material may not be made sufficiently thin. In addition, 
the insulating layer is hardly subject to fine processing based on a laser beam. 

In view of above, the present invention provides a thermosetting adhesive 
film and an adhesive structure, which maintain a desired CTE and elastic modulus, 
without reduction of an adhesive force caused by the addition of a large amount of 

30 filler material. 
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Summary of the Invention 
This invention provides, as one embodiment, a thermosetting adhesive film 
comprising: 

a uniform adhesive matrix containing a thermosetting resin, a curing agent 
5 therefor, and a thermoplastic agent; and 

a filler material dispersed in the adhesive matrix, wherein the filler material 
comprises: 

an inorganic material; and 
a domain to incorporate the inorganic material, 
10 the domain consisting of an elastic polymer which is elongated and oriented 

in one direction substantially perpendicular to the thickness direction of the 
adhesive film. 

The adhesive film configured as above will give a cured product having a 
high elastic modulus and low CTE even when a comparatively small amount of 

1 5 filler material is added thereto. In addition, because the film permits the filler 

material to be added at a low level, the adhesive film, even when uncured, exhibits 
a high strength and is easily subject to processing, and the cure product exhibits 
toughness and strong adhesive force. 

. The adhesive film configured as above is obtained, in one embodiment of 

20 this invention, by coating, in one direction with a shear force, a coating 
composition comprising a uniform adhesive matrix-forming component 
comprising a thermosetting resin and its curing agent, and a thermoplastic resin 
which are miscible with each other, and a filler material dispersed in the adhesive 
matrix- forming component. 

25 The term "miscible to each other" as used herein, means that the involved 

components are miscible to each other to the extent that they will not phase- 
separate from each other, when the coating composition therefrom is coated to give 
an adhesive film, and thus will allow the composition to form a uniform film. 

Brief Description of the Drawings 
30 Fig. 1 shows a cross-section of one embodiment of an adhesive structure 

which uses an adhesive film of this invention as an interlayer insulating material. 
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Fig. 2 shows a photograph taken by transmission electronmicroscopy 
(TEM), of the texture of the cross-section of a cured product obtained from the 
adhesive film of this invention. 

Reference Numerals 

5 1 - Adhesive structure 

2 - Cured product of an adhesive film 
3, 3' - Wiring layer 

Detailed Description of the Invention 
An adhesive film of this invention is formed from a thermosetting resin 

10 which will not exhibit reduced adhesive forces as is typical in adhesiyes to which a 
large amount of filler is added, and will give a desired CTE and elastic modulus. 
Such an adhesive film is useful as a material of an insulating layer for a multilayer 
PCB, particularly as an interlayer insulating material. 

The adhesive film of this invention usually comprises an adhesive matrix 

1 5 and a filler material dispersed in the matrix, as will be detailed below. The 

adhesive matrix comprises a thermoplastic resin, and itself takes a definable form 
such as a film. The typical thermoplastic resin may include, for example, 
polyethylene terephthalate, polycarbonate, polyether sulfone, polyether imide, 
polyacrylate, polymethyl methacrylate, polystyrene, polyvinyl acetate, 

20 polycaprolactone, phenoxy resins, and various polyesters. Phenoxy resins are 
particularly preferred because they are highly miscible to epoxy resins. If a 
phenoxy resin molecule has at least one ethylenic bond having a radical reactivity, 
the ethylenic bond will provide a cross-linking point of phenoxy resin molecules, 
and will produce a cross-linked structure in the presence of a polymerization 

25 initiator where phenoxy resin molecules are united together through the cross- 
linking of the ethylene bond. Such a cross-linking structure will permit the 
adhesive film to have an increased elastic modulus. The thermoplastic resin has a 
number-average molecular weight of from about 1,000 to about 1,000,000. If a 
thermoplastic resin has a number-average molecular weight less than about 1,000, 

30 the green sheet therefrom (adhesive film before cure) tends to have a reduced 
cohesive force. On the contrary, if a thermoplastic resin has a number-average 



-4- 



WO 02/086003 



PCT/US02/10644 



molecular weight more than about 1,000,000, the coating composition therefrom 
will have such a high viscosity that its coating process will be difficult. The 
preferred number-average molecular weight is in the range of from 5,000 to 
500,000. 

5 According to this invention, the adhesive matrix is thermosetting, and will 

provide, once cured, an adhesive film with a high adhesive force, water-resistance, 
solvent resistance and weather resistance. Usually such a thermosetting adhesive 
matrix further comprises a thermosetting resin and a curing agent therefore. The 
typical thermosetting resin includes various epoxy resins. Particularly, bis-phenol 

1 0 A type epoxy resins are preferred because they are readily miscible to phenoxy 
resins. If the thermosetting resin is an epoxy resin, the epoxy resin has an epoxy 
equivalent of from 100 to 5,000. An epoxy resin having an epoxy equivalent 
below about 1 00 is not readily available. On the contrary, if the epoxy resin has an 
epoxy equivalent over about 5,000, the density of cross-linking will decline, and 

15 the thermal resistance of the adhesive film tends to become low. The particularly 
preferred epoxy equivalent is from 170 to 500. 

The curing agent is not limited to any specific agent, provided that it can 
cause the thermosetting resin to cure. However, preferred agents include an amine 
(dicyandiamide), carboxylic acids, anhydrous acids, thiol compounds and 

20 imidazole compounds. The curing agent is preferably not dissolved in the matrix 
when the adhesive film is dried because the curing reaction does not tend to occur 
when stored at a room temperature, if the curing agent is not miscible. 

The thermosetting resin and the thermoplastic resin described above may 
be blended at any desired blending ratio, provided that they are miscible to each 

25 other in the coating composition. However, from the view-point of making the 
uncured adhesive film (green film) easy for handling and providing it with thermal 
resistance, thermosetting resin and the thermoplastic resin are preferably blended at 
a ratio of from 70/30 to 5/95, more preferably from 60/40 to 10/90 on a weight 
basis. 

30 The coating composition usually contains a solvent. From the view-point 

of making the adhesive film easy for drying, the solvent is preferably a solvent 
having a comparatively low boiling point such as acetone, ethyl acetate, 
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methylethyl ketone (MEK), or methanol (MeOH). A mixture of MEK and MeOH 
is preferred. 

The adhesive film of this invention contains a filler material substantially 
uniformly dispersed in the adhesive matrix. The filler material is generally 

5 separated from the adhesive matrix. A preferred filler material contains an 
inorganic substance and a domain to incorporate the inorganic substance. The 
inorganic substance is used to provide the adhesive film with a high elastic 
modulus and a low CTE, and the shape of its primary particles is not critical. 
Generally, the inorganic substance includes, for example, silica (Si0 2 ), antimony 

0 pentoxide, alumina, talc, titanium oxide, silicon nitride, metal (copper, silver, 

aluminum, gold, etc.), carbon powders etc. Particularly, if the inorganic substance 
consists of an organic sol of silica, dispersion of the inorganic substance will be 
effectively achieved. This is because such an inorganic substance has the ability to 
selectively invade into rubber particles. The inorganic filler substance preferably 

5 has an average diameter of 0.00001 to 10 jum. If the inorganic substance had an 
average diameter less than about 0.00001 pm, its contribution to an increased 
elastic modulus would become somewhat low. Or, if the inorganic substance had 
an average diameter more than about 10 |im, application of the coating 
composition would become somewhat difficult. 

0 The above-described inorganic substance is incorporated and exists in the 

domain or on the surface of the domain. The domain is elongated and oriented to 
one direction substantially perpendicular to the thickness direction of the adhesive 
film. As a consequence, even if the amount of inorganic substance added to the 
adhesive film is reduced, the adhesive film will be effectively provided with a high 

5 elastic modulus and a low CTE in its oriented direction. Particularly, if the domain 
is in the form of slender fibers, the inorganic substance will effectively provide the 
adhesive film with a high elastic modulus and a low CTE at a lower concentration. 
Due to reduction of the addition amount of the inorganic substance, the resulting 
adhesive film will give, once cured, a cured product having toughness and high 

0 adhesive force. Furthermore, the uncured adhesive film will be strong enough that 
the handling of the green sheet will be easy. 
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The preferred domain consists of an elastic body (elastic polymer) such as a 
thermoplastic resin or a rubber-like polymer, and is easily deformed. This is due to 
the fact that such a domain can be easily oriented to a specified direction and 
modified to take a fibrous shape, when the adhesive film is produced as described 
5 below. The thermoplastic resin may include polyvinyl alcohol, polyvinyl acetate 
and silicone resins or a homopolymer of an acrylate, a methacrylate, an acrylic 
amide or an acrylonitrile or a copolymer of two or more of these monomers, and 
the rubber-like polymer may include polybutadiene, polyisoprene, acrylic rubber, 
butadiene-acrylonitrile rubber and a carboxylic terminated butadiene-acrylonitrile 
10 rubber. 

Typically, the domain oriented as described above has a length of from 0. 1 
to 1000 jim and a width of from 0.1 to 10 pm. The domain is preferably 
incorporated at from 2 wt% to 100 wt.% of the adhesive matrix, so that it can 
provide the adhesive film with sufficient heat resistance. Preferred domains 

1 5 contain from 2wt% to 90 wt.% of inorganic substance. 

The above-described adhesive films are particularly useful as an insulating 
layer of a multilayer PCT, or an interlayer insulating material if they are laminated 
to give a film where the domains in alternate layers, e.g., are oriented at right 
angles to each other. This is because such a laminated film cancels out the 

20 anisotropy of each adhesive film layer while retaining the high elastic modulus and 
the low linear CTE of each adhesive film layer. By use of this laminating method, 
it is possible to reduce thermal stresses which might otherwise occur as a result of 
temperature changes between an insulating layer and adjacent conductor layers 
(first and second adherend), and thus prevent the insulating and conductor layers 

25 from being deformed (curved or bent). This prevents failure of electric 

connections such as via connection between wiring layers, interruption of wiring of 
an electric, and interface delamination. 

For a multilayer PCB having a high aspect ratio (first adherend), or for a 
semiconductor IC chip having an anisotropic electric circuit (second adherend), the 

30 adhesive film of this invention may be used singly as an underfill. For example, 
for a multilayer PCB having a high aspect ratio, a thermal stress developing in 
lengthwise direction is comparatively large. Therefore, the adhesive film may be 
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applied to allow its domain to have an orientation with respect to the lengthwise 
direction of the multilayer PCB so as to minimize the thermal stresses which would 
otherwise develop in the PCB. 

The adhesive film of this invention may be produced by any known and 
5 conventional method, but is preferably made by the following method. 

First, solution containing a thermoplastic resin, and a thermosetting resin 
and its curing agent as described above and an optional solvent is prepared and 
mixed. Next, the mixed solution is stirred at a specific temperature, for example, 
at room temperature (25°C) for a specific time, and then a filler material is added 

10 to the solution, to give a coating composition. Usually, the resulting coating 

composition should have a viscosity of 1 Pascal seconds (Pa.s) (1000 cps) to 1000 
Pa.s (1,000,000 cps). This is because, if the composition had a viscosity less than 
1 Pa.s, a sufficiently high shear could not be applied to the composition during 
coating, and thus the domain would not be oriented. The composition having a 

1 5 viscosity of 2000 cps or higher is preferred because it will allow the domain to be 
effectively oriented. On the contrary, if the coating composition has a viscosity 
over 1000 Pa.s, its easiness of application would be so impaired that it would .be 
difficult to prepare the composition into a film. 

Next, the coating composition is applied, for example, onto substrate film 

20 consisting of a polyethylene terephthalate (PET) in one direction with a shearing 
force. According to this invention, the coating composition is preferably applied at 
a shearing rate of 100 (1/sec) or more. This is because the domain incorporating a 
filler material easily exceeds the elasticity limit to be effectively oriented to one 
direction along which a shearing force is applied to the composition, substantially 

25 independently of the thickness of the coat. Particularly, the shearing rate is 
preferably set at 200 (1/sec), because then the orientation will be high. On the 
contrary, if the shearing rate is set above 1,000,000 (1/sec), coating rate is so high 
that it is difficult to dry the resulting film in an oven. 

The coating method is not limited to any specific one, provided that it can 

30 permit the coating composition to be applied at a shearing rate as described above. 
The exemplary coating method may include die-coating, knife-coating, and coating 
based on a rotary rod die. However, the coating method based on die-coating is 



-8- 



WO 02/086003 



PCT/US02/10644 



preferred because it can permit the coating composition to be applied with a high 
shearing force. Later, the coating composition is optionally heated together with 
the substrate film at a specific temperature, to remove the solvent and to give an 
adhesive film. Further, two or more such film adhesives may be bonded together 
5 with a heating roller to give a laminated film as described above. 

The adhesive film of this invention is used as an adhesive structure 
obtained by laminating an adhesive film and appropriate adherend. For example, a 
cured product of an adhesive film of this invention, a first adherend applied to one 
surface of the cured product of an adhesive film and a second adherend applied to 
10 the other surface of the same film adhesive are bonded together to give a 
lamination. 

Fig. 1 shows a cross-section of an adhesive structure representing an 
embodiment which uses an adhesive film of this invention as an interlayer 
insulating material. The adhesive structure 1 comprises a cured product of an 

1 5 adhesive film 2, and wiring layers 3 and 3' (first and second adherends 

respectively) applied respectively to the upper and lower surfaces of the cured 
product of an adhesive film 2. Such an adhesive structure may be produced as 
follows. An adhesive film is applied onto a substrate (not illustrated) using an 
appropriate method such as heat laminating; a layer composed of conductors made 

20 from copper foils is formed thereupon; and the adhesive film is subject to thermal 
curing. Next, a desired wiring pattern is etched to give a wiring layer 3 (first 
adherend). An adhesive film is applied thereupon, and the same procedure as 
described above is repeated so that cured product of an adhesive film 2 and wiring 
layer 3' (second adherend) can be formed. 

25 Further, as described above, an adhesive structure may be obtained wherein 

the first adherend is a multilayer PCB, and the second adherend is a semiconductor 
IC chip, and the adhesive film of this invention is used as an underfill for these 
adherend. 

According to this invention, the cured product of an adhesive film will have 
30 an elastic modulus of from 1 to 1000 MPa in the oriented direction of the domain, 
and of 0. 1 - 10 MPa in a direction normal to the oriented direction when measured 
at 150°C. Further, the cured product of an adhesive film, will have a CTE of 1 - 
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200 x 10" 6 /°C in the oriented direction of the domain, and of 10 - 500 x 10" 6 /°C in 
a direction normal to the oriented direction when measured at -50 to 150°C. The 
film having properties as described above, when used as an insulating layer, will 
not develop a large thermal stress between the conductor layer and the insulating 
5 layer due to a temperature change. Accordingly, the conductor layer and the 

insulating layer thereupon will not be subject to deformations; electric connections 
between wires will be stable; and interruptions of electric circuits and interlayer 
delamination will be effectively avoided, which are preferable effect. 

Examples 

10 The present invention will be described by means of the following 

Examples. However, the scope of the invention is not limited to these examples. 

Firstly, two kinds of solutions having compositions, solids, and viscosities 
as described in Table 1 were prepared and mixed. Next, the mixed solution was 
stirred at room temperature (25 °C) for about eight hours, and an inorganic 

1 5 substance was added to be adsorbed to the phases mainly composed of rubber-like 
particles of an acrylic resin, to give a coating composition. 

Ingredients 

YP50S: phenoxy resin (number averaged molecular weight, 1 1,800) manufactured by 
TohtoKaseiCo.,Ltd. 

20 DER332: epoxy resin (epoxy equivalent, 174) manufactured by Dow Chemical Japan. 

RD102: acrylic polymer dispersed in epoxy resin (content of acryl, 40 wt.%) 
manufactured by NOF Corporation. 

MEK-ST: Si0 2 sol in MEK (content of Si0 2 , 30 wt.%) manufactured by Nissan Chemical 
Industry, Co., Ltd. 

25 DICY: dicyandiamide 

TDI-urea: toluene bisdimethyl urea manufactured by ACI Japan Ltd, Omicure™ 24 

MeOH: methyl alcohol 

MEK: methyl ethyl ketone 
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Table 1 





Mixed 
ooiuuon 1 


Mixed 
ooiuuon Z | 


ir jvo 




JJ 




Zj 


ZD 




90 

zu 


zu 


MEK-ST 


50 


50 


DICY 


2.9 


2.9 


TDI-Urea 


0.5 


0.5 


MeOH 


40 


40 


MEK 


50 


110 


Solid % 


48.6 


39.0 


Viscosity (cps) 


4000 


500 



Each coating composition as described above was then applied by die- 
coating onto a substrate PET film having a thickness of 50 pm. The coating 
5 composition was fed with a gear pump via a filter (HC25XB, ROKI Technology 
Co., Ltd.) to a die to be extruded at a rate of from 1 80 to 200 ml/min, and coated 
onto the substrate film under the condition as described in Table 2. Then, the 
coating composition applied to the substrate film was placed in an oven. The 
coating composition was heated/dried at from 100 to 130°C in the oven to remove 
1 0 the solvents of MEK and MeOH to produce an adhesive film. 



Table 2 





Mixed 


Coating speed 


Shear rate 


Film 




Solution 


(m/min) 


(1/sec) 


thickness (jam) 


Example 1 


Mixed Solution 1 


5 


810 


25 


Example 2 


Mixed Solution 1 


2 


160 


50 


Example 3 


Mixed Solution 2 


5 


650 


25 | 



Next, the adhesive film of each example were evaluated with respect to the 
following items. 
15 1. Determination of the dynamic Young's modulus 

Each of the test adhesive films was heated at 150° C for two hours to a 
cured product. Later the cured product was tested for its dynamic Young's 
modulus with a dynamic analyzer (RSA, Rheometrics Co.). The storage Young's 
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modulus or dynamic Young's modulus (E at co of 6.28 rad/sec) was measured 
when the temperature was raised from 30°C to 260°C at 5°C/min. Table 3 lists the 
dynamic Young's moduli E' determined at 150°C in a direction parallel to the 
coating direction (shearing direction, MD direction) and a direction normal to the 
5 coating direction (TD direction). According to the results of Table 3, it is obvious 

that the test sample exhibits a high elastic modulus of 100 MPa or more when 
. measured in a direction parallel to MD direction or the oriented direction. This test 
demonstrates that the adhesive film of this invention, although it incorporates the 
inorganic substance at an amount which would normally permit the film to have a 

10 low elastic modulus of approximately 20 MPa, can exhibit an elastic modulus as 
high as 50 MPa or more. 

The test adhesive film of Table 3 was a lamination composed of two 
adhesive films of Example 1 in which the lamination was made with a heating 
roller at 120°C such that the oriented directions (shearing directions) were at right 

1 5 angles to each other. 



Table 3 





Modulus parallel to 
TD direction (MPa) 


Modulus parallel to 
MD direction (MPa) 


Example 1 


17 


120 


Example 2 


22 


140 


Example 1 (TD+MD) 1} 


60 


60 


Example 3 


18 


22 



The following table (Table 4) shows the temperature dependence of the 
dynamic Young's moduli E of the adhesive film of Example 2. As can be seen 
20 from the results, the material of the adhesive film shows an anisotropic property at 
high temperature. Generally, a laminated article such as PCB develops an 
anisotropic stress at high temperature, as in the process of soldering. Such heat 
stress can be lowered by laminating adhesive films of the present invention in the 
direction which reduces the anisotropy. 
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Table 4 



Temperature 

( c) 


Modulus parallel to 
TD direction (MPa) 


Modulus parallel to 
MD direction (MPa) 


27 


2000 


2000 | 


47 


2000 


2000 


UO 


xouu 




88 


1700 


1800 j 


108 


430 


590 


128 


47 


190 ! 


148 


22 


140 


168 


15 


94 


188 


14 


72 



2. Determination of coefficient of linear thermal expansion (linear CTE) 

The linear CTE of the adhesive film of Example 2 was also determined as 
5 follows. 

Firstly, the test adhesive film was heated at 1 50°C for two hours to produce 
a cured product. Then, the linear CTEs of the cured product were determined at 
20°C and 140°C with a device (Thermoplus, Rigaku Electric Co.). Table 5 shows 
linear CTEs determined at 20°C and 140°C in a direction parallel to the coating 

10 direction (shearing direction, MD direction) or in a direction normal to the coating 
direction (TD direction). Table 5, which follows, shows that when measured at 
140°C, the test sample shows a low CTE in an MD direction. It was demonstrated 
from this test that the adhesive film of this invention, although it incorporates the 
inorganic substance at an amount which would, if given to a conventional adhesive 

1 5 film, cause it to have a CTE as high as 400 x 10" 6 m/°C or higher, can exhibit a 
CTE as low as 200 x 10" 6 m/°C or lower. 



Table 5 



Temperature 
(°C) 


Coefficient of linear thermal 
expansion parallel to TD direction 
(x 10- £ m/°C) 


Coefficient of linear thermal 
expansion parallel to MD direction 

(x io-wc) 


S 20 


81 


72 


140 


420 


150 



3. Determination of adhesive force 
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The adhesive force of the adhesive films of Examples 1 and 2 were 
determined as follows. 

An adhesive film was laminated onto a polyimide film (Kapton™ V, 
Dupont) with a thickness of 25 pm by heating (120°C, 2 Kg, rate at 2 m/min). The 
5 resulting adhesive film was further laminated with a roll copper foil with a 

thickness of 35 pm to give a laminate. Later, the laminate, while being heated at 
120°C, press-bonded at a pressure of 20 kg/cm2 for 60 sec. Then, the laminate 
was heated at 150°C for two hours, to cure and to give a test adhesive film. Then, 
using this test film, a 1 80 degree peel strength was measured with respect to the 
10 rolled copper foil and to the polyimide film, to determine thereby the adhesive 
strength of the cured adhesive film. During the test, the peeling direction was 
maintained in a direction parallel to the coating direction of adhesive film 
(shearing direction, MD direction), or in a direction normal to the coating direction 
(TD direction). 

1 5 Table 6 shows the linear CTEs of the test film measured at 20°C and 140°C 

in a direction parallel to the coating direction (shearing direction, MD direction) 
and in a direction normal to the coating direction (TD direction). The results of 
Table 6 show that the adhesive force of the test film does not significantly vary 
whether measured in an MD direction or in a TD direction. This demonstrates that 

20 the adhesive film of this invention is anisotropic in its elastic modulus etc., but 
isotropic in its adhesive force. 



Table 6 



Specimen 


Adhesive strength parallel 
to TD direction (N/cm) 


Adhesive strength parallel 
to MD direction (N/cm) 


Example 1 


9.4. 


9.0 


Example 2 


10.3 


9.8 



4. Measurement of the tensile strength of uncured resin 
25 The adhesive film of Example 2, while being uncured, was stretched and its 

breaking strength and elongation were determined. This stretching test was 
performed with a tensile strength tester (Tensilon™) manufactured by Toyo 
Baldwin Co. The stretching rate was kept at 50 mm/min. Table 7 shows the 
breaking strength and elongation of the test adhesive film measured at 25°C in a 
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direction parallel to the coating direction (shearing direction, MD direction) and in 
a direction normal to the coating direction (TD direction). The results of Table 7 
show that the test film has a high breaking strength, even when it is uncured. 
Particularly, it has a higher breaking strength in an MD direction. This 
5 demonstrates that the adhesive film of this invention is extremely strong, even 
when it is kept uncured, and thus permits easy handling. 



Table 7 





TD direction 


MD direction 


Breaking strength (N/cm 2 ) 


1900 


3100 


Elongation (%) 


2 


4 1 



5. Morphology observation 

10 The adhesive film of Example 1 was further heated at 150°C for two hours, 

to be cured. The cured product was sliced with a microtome, and the morphology 
of the cross-section of cured product was observed. Fig. 2 is a photograph of the 
cross-section of the cured product taken with a transmission-type electron 
microscope (TEM) (scale is indicated in the figure). The figure shows that acrylic 

1 5 phases contains inorganic particles oriented in the shearing direction, and that the 
acrylic phase is shaped like a rod with a length of from 5 to 1 00 |im, and width of 
about from 1 to 5 |im. 

Advantages 

The adhesive film of this invention, even when incorporating a 
20 comparatively small amount of a filler material as an additive, gives a cured 
product having a high elastic modulus and a low CTE; Further, as the addition 
amount of a filler material can be lowered an uncured adhesive film has a high 
strength, is easily subject to processing, and its cured product is tough and has a 
high adhesive force. 

25 
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Claims 

1 . A thermosetting adhesive film having a first and a second major 
surface comprising: 

a uniform adhesive matrix containing a thermosetting resin, a curing agent 
therefor, and a thermoplastic resin; and 

a filler material dispersed in the adhesive matrix comprising: 
an inorganic material; and 
a domain incorporating the inorganic material, 
the domain consisting of an elastic polymer which is elongated and is 
oriented in one orientation direction, substantially perpendicular to a thickness 
direction of the adhesive film. 

2. An adhesive film, as described in claim 1 which is obtained by 
coating in one direction, with a shear force, a coating composition comprising a 
uniform adhesive matrix-forming component including a thermosetting resin and a 

1 5 curing agent therefor, and a thermoplastic resin, wherein the matrix-forming 

component and the resin are miscible with each other; and further comprising an 
inorganic filler material dispersed in the adhesive matrix-forming component. 

3. An adhesive film, as described in claim 1 or 2, wherein the 
thermosetting resin is an epoxy resin and the thermoplastic resin is a phenoxy 

20 resin. 

4. An adhesive film, as described in any one of claims 1 to 3, wherein 
the blend ratio of the thermosetting resin to the thermoplastic resin is from 70/30 to 
5/95 on the basis of weight. 

5. An adhesive film, as described in any one of claims 1 to 4, wherein 
the inorganic filler material is contained in the adhesive matrix-forming component 
at from 5 to 100 mass parts with respect to 100 mass parts of the adhesive matrix- 
forming component. 



5 



10 



25 
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6. An adhesive film, as described in any one of claims 1-5, having an 
elastic modulus of from IMP A to 1000 MPa in a direction parallel to the 
orientation direction of the domain, and an elastic modulus of from 0.1 MPa to 10 
MPa in a direction normal to the orientation direction, when measured at 1 50°C 

5 after curing. 

7. An adhesive film, as described in any one of claims 1-6, which has 
a coefficient of linear thermal expansion of 1 - 200 x 10* 6 /°C in a direction parallel 
to the orientation direction of the domain, and a coefficient of linear thermal 
expansion of 10 - 500 x 10~ 6 /°C in a direction normal to the orientation direction, 

10 when measured at -50 to 1 50°C after curing. 

8. A thermosetting adhesive film obtained by laminating a plurality of 
adhesive films, as described in any one of claims 1 - 7, into a multilayer lamination 
wherein adjacent layers have domains oriented at right angles to each other, and 
each of the laminated adhesive films is obtained by coating a coating composition 

15 having a viscosity of 1 - 1,000 Pa.s (1,000 - 1,000,000 cps) at a shear rate of 100 - 
1,000,000 sec' 1 . 

9. An adhesive structure comprising: 

a cured product obtained from an adhesive film, as described in any one of 
claims 1-8; 

20 a first adherend attached to the first major surface of the cured product of 

the adhesive film; and 

a second adherend attached to the second major surface of the cured 
product of the adhesive film. 
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